We combine geological and geophysical observations made along the margin between the Arabian plate and Sinai sub-plate to investigate the style and sequence of deformation associated with motion along the Dead Sea Fault (DSF). Our analysis focuses on one of the youngest rock units-the Pleistocene Hazbani Basalt. Integration of field mapping, K-Ar dating, and interpretation of high-resolution seismic reflection profiles yields a map of the top surface of the Hazbani Basalt, which highlights the architecture of faulting and folding. Results attest to a dominance of both contractional structures and strike-slip faulting along the northwestern rim of the Hula basin. Our new findings show how a series of faults extend from within the boundaries of an extensional basin and beyond its margins, and are associated with the formation of positive flower structures. The structural analysis provides evidence for a transition from an early (pre-Pleistocene) phase of almost pure strike-slip to a late (Pleistocene) phase of convergent strike-slip faulting. Many of the faults investigated in this study displace the Pleistocene Hazbani Basalt and the overlying sediments and should thus be considered as potential active faults for seismic hazard assessments.
INTRODUCTION
The Dead Sea fault (DSF) is a left-lateral transform that accommodates relative motion between the Arabian plate and Sinai sub-plate (e.g., Quennell, 1959; Freund et al., 1970; Garfunkel, 1981; Joffe and Garfunkel, 1987) . The fault extends for more than 1000 km, linking the Red Sea spreading center in the south with the Taurus-Zagros convergence zone in the north (Fig. 1, inset) . A host of stratigraphic, structural, and geochronological evidence suggests ~105 km of left-lateral offset along the DSF post ~20 Ma (Eyal et al., 1981) . Previous studies generally divided the motion along the DSF into two main stages (e.g., Gar- Fig. 1 . Map of the main fault segments of the Dead Sea Fault (DSF) zone in northern Israel and southern Lebanon. A dashed rectangle marks the study area near the town of Qiryat Shemona. Inset: plate tectonic configuration resulting in left-lateral motion across the DSF. Hula Western Border fault (HWBF) and Hula Eastern Border fault (HEBF) bound the Hula basin (the present Hula Valley). The concealed Hula diagonal fault crosses the basin and is marked by a dashed line. LRB-Lebanese restraining bend, EA-Ein Awwazim. RY-1-sampling sites for a basalt age determination (see Table 1 ).
funkel, 1981; Joffe and Garfunkel, 1987) . In the first stage, pre 5 Ma, pure left-lateral strike-slip motion prevailed. In the second phase, post 5 Ma, the left-lateral motion was accompanied by a small component of transverse extension south of Lebanon. The timing of the transition between these two stages is derived from the ages and internal structure of the basin fill and corresponds with initiation of seafloor spreading in the northern part of the Red Sea (Garfunkel, 1981; Joffe and Garfunkel, 1987) . The transition at 5 Ma is described by a relocation of the Euler pole of rotation and is based mainly on studies of fault geometry from the Hula basin southward (Garfunkel, 1981; Joffe and Garfunkel, 1987; Garfunkel and Ben-Avraham, 1996) . From the Hula basin northward, the pole inferred by Garfunkel (1981) for the second stage predicts increased plate convergence, mainly across the Lebanese Restraining Bend (LRB) (Fig. 1) . Gomez et al. (2007) synthesized new neotectonic results and other published data to assemble a twostage kinematic model for the development of the Lebanese Restraining Bend. They proposed an early (Miocene-Pliocene?) deformation phase involving wrenching, distributed shear, and block rotation, followed by a later (current) phase of strain partitioning with increased obliquity of plate motion relative to the restraining bend. Based on an analysis of seismic reflection profiles from the Hula basin, Schattner and Weinberger (2008) demonstrated that a major tectonic transition modified the structure of the basin fill during the mid-Pleistocene. A sub-vertical NNW-trending left-lateral strike-slip fault developed diagonally across the basin. Consequently, the basin entered a new geodynamic phase where deformation was controlled by both the faults bordering the basin and an internal diagonal fault. The structural modifications (e.g., change of subsidence rates, initiation of folding) recorded in additional localities along the DSF attest to the possibility that a regional tectonic transition occurred at mid-Pleistocene (Schattner, 2010) . Weinberger et al. (2009) conducted a kinematic structural analysis across the Metulla Saddle, a connecting zone between the Hula and the Marjayoun basins (Fig. 1) . Two directions of the regional strain field were identified: (1) NW-SE shortening, which is responsible for the formation of NE-SW-trending fold axes and leftlateral strike-slip motion along N-S trending faults; and (2) E-W shortening, as indicated by N-S-trending fold axes, N-S striking thrust faults, and perpendicular extensional calcite-filled veins that strike E-W. Weinberger et al. (2009) provided evidence for the transition from an early (Miocene-Lower Pliocene) phase of pure (or weak divergent) strike-slip motion to a late (Pleistocene) phase of convergent strike-slip along this sector of the DSF. The latter phase is characterized by strain partitioning, which is manifested by discrete left-lateral strike-slip motion across weak N-S-trending faults and by the development of a fold-thrust belt in response to transform-normal shortening. Together, the works of Gomez et al. (2007) , Schattner and Weinberger (2008) , Weinberger et al. (2009), and Schattner (2010) hint at a possible third (post ~1 Ma) stage of motion with increasing plate convergence along the northern sector of the DSF. However, to date the duration of this stage and the nature of its motion have not been well constrained. Current GPS-based models indicate approximately north-trending relative plate motion, with estimated slip rates of 4-5 mm/yr (e.g., Le Beon et al., 2008; ArRajehi et al., 2010) .
This study examines fault and fold geometries adjacent to the DSF in northern Israel to better constrain the evolving Plio-Pleistocene deformation along this sector of the transform. Field mapping, high-resolution seismic reflection profiles, and radiometric dating methods are used in this study to examine the structure developed in post-Hazbani Basalt (0.8-1.6 Ma; Heimann, 1990; Mor, 1993) . The study area encompasses the critical zone between the extensional basins from the Hula Valley southward and the contractional range of the Lebanese Restraining Bend (Fig. 1 ). Due to its young age and proximity to the main strands of the DSF, the Hazbani Basalt provides an excellent opportunity to investigate possible effects of spatial and temporal changes in the style of deformation within a strike-slip setting.
The DSF crosses several population centers in northern Israel and southern Lebanon (e.g, Qiryat Shemona, Marjayoun, Fig. 1 ). Reliably assessing the seismic hazards posed by the strands of the DSF in these areas requires accurate knowledge of the locations, geometries, slip rates, recurrence intervals and kinematics of active faults in the region (e.g., Dolan and Pratt, 1997) . Paleoseismological trench studies are rare in these areas, and hence the variables mentioned above are poorly known. The current study presents surface and subsurface data that provide useful constraints on the location, geometry, and kinematics of potential active faults for future paleoseismological trenching.
TECTONIC AND GEOLOGIC SETTING
A series of pull-apart basins were formed along the DSF axis due to the left-lateral motion across leftstepping, overlapping, en-echelon fault segments. The Hula basin is a rhomb-shaped graben that might have initiated as a pull-apart basin at ~4 Ma (Heimann, 1990) . The basin is bounded by two N-S-striking border faults on its eastern and western margins (Fig. 1) . At its northwestern tip, the Hula Western Border Fault (HWBF) branches into Margaliyyot and Qiryat Shemona faults across a highly deformed area ( Fig. 2 ; Fig. 3 and cross section A-A′ in Fig. 7 are marked. Sampling sites for basalt age determinations appear in white circles: sites sampled during the current study are named with RY, while those of Heimann (1990) and Mor (1993) Weinberger et al., 2009) . Further splaying occurs northwards, where the Qiryat Shemona fault branches into the Roum and Yammunneh faults in southern Lebanon ( Fig. 1 ; Sneh and Weinberger, 2003a, b) . The small Marjayoun valley ( Fig. 1) juxtaposed to the southern tip of the Yammunneh fault is considered by Freund et al. (1968) to be a rhomb-shape pull-apart basin. Previous studies interpreted the elevated ridge of Shehumit Hill (Fig. 2) as either a fissure eruption (Picard, 1952) , a tilted block (Schulman, 1966) , or a local push-up swell (Heimann and Ron, 1987) .
The lithology of the Hula basin fill consists of lacustrine and clastic sedimentary rocks interlayered with several basalt units that flowed from the basin rims. The Pleistocene Hazbani Basalt flowed southward from its source in southern Lebanon, across the area of Shehumit Hill and toward Hula Valley (Figs. 2; Mor, 1993) . The Hazbani Basalt consists of several flows that are found in outcrops and boreholes, and seismic reflection data can be recognized in the basin (Heimann 1990; Sneh and Weinberger, 2003a; Schattner and Weinberger, 2008) .
Outside the northwestern basin margin, the Hazbani Basalt commonly overlies or is juxtaposed against older sedimentary strata such as the Cretaceous Judea Group, the Paleocene-Lower Eocene Taqiye Formation, and the Eocene Avedat Group (Figs. 2, 3 ). The Neogene Kefar Giladi Formation consists of more than 400 m of thick conglomerates and lacustrine sediments that accumulated during the Upper Miocene-Lower Pliocene within a depression adjacent to the HWBF-Qiryat Shemona fault. Subsequent to the Lower Pliocene, these sedimentary rocks were uplifted and extensively folded (Picard, 1952; Glikson, 1966 , Ron et al., 1997 Weinberger and Sneh, 2004; Weinberger et al., 2009) . The current study focuses on the area spanning the northwestern rim of the Hula basin into its adjacent deformed margin (Fig. 2) .
METHODS

Seismic reflection
To unravel the structural transition from the Hula basin northwards, 10 high-resolution seismic reflection profiles of target depth of 300-400 m were obtained with a total length of about 20 km. Locations of the profiles were chosen to cross the main faults and folds (Fig. 2) . Field data were recorded by a Strata view RX-60 system and include a record length of 500 msec and a sample rate of 0.5 msec. The energy source was a large weight drop (Digipulse) of 750 kg at shooting intervals of 5 m with four hits per shot point. The receiver system includes 48 channels, group interval of 5 m and spreading of 240 m. Data were processed and interpreted using the Paradigm Geophysical software package, while further interpretation was carried out on Landmark's package. A detailed processing account of the sequence is found in Frieslander and Medvedev (2002) and Frieslander et al. (2004) . Datum of the profiles was set to 100 m above mean sea level (m.s.l.). Velocities used during the processing were calculated from the survey. Given the seismic velocities of 1820 m/sec to a reflector at 150 msec TWT (two-way travel time) and the dominant frequency of 62.5 Hz, fault displacement exceeding ~4 m could be identified. The minimum depth in which reflections could be obtained is 30-40 m.
K-Ar dating
Four fresh samples of the Hazbani Basalt were dated using the K-Ar method at the Geological Survey of Israel. Samples were crushed, and sieved to an 80-100 mesh size fraction, followed by magnetic separation of secondary minerals using a Frantz magnetic separator. Two aliquots (0.25 gr. each) were dissolved using LiBO 2 and K concentrations were determined using ICP-AES (%K = 0.91±0.01, 1σ). Duplicates of argon were analyzed by the standard isotope dilution procedures following (Kotlarsky et al., 1992) .
AGES OF HAZBANI BASALT IN OUTCROPS AND BOREHOLES
The K-Ar data of the four samples is presented in Table 1 . Two samples from Shehumit Hill yield ages of 1.3±0.1 and 1.5±0.2 Ma, respectively (RY-25 and RY-26), while the two samples from Ein Awwazim (RY-1, EA, Fig. 1 ) and Qiryat Shemona (RY-24) yield ages of 0.8±0.2 Ma and 0.9±0.1 Ma, respectively. In addition, Hazbani Basalt ages between 0.9 and 1.5 Ma published by Heimann (1990) and Mor (1993) were also integrated into this study. The Hula 1 borehole is located at the eastern end of line GP-170 (Fig. 2) at topographic elevation of 80 m m.s.l. It penetrated a sequence of flows attributed to the Hazbani Basalt, interbedded by lacustrine and gravel sediments. Fragments of basalt first appeared at a borehole depth of 165 m, and a fresh basalt flow was encountered at depth of 180 m. This flow was dated by Heimann (1990) , using the Ar-Ar method. The plateau age of this flow is 0.96±0.06 Ma and the isochron age 1.14±0.03 Ma. Another prominent basalt flow was encountered at borehole depths between 285 m and 315 m. The Qiryat Shemona 1 borehole near the western end of GP-170 (Fig. 2 ) penetrated a sequence of rock and debris flows and encountered the Hazbani Basalt at a depth of ~73 m.
DISTRIBUTION AND DEFORMATION OF THE HAZBANI BASALT
North of Shehumit Hill
The sub-vertical, N-S-striking Tel Hay fault dips steeply eastward, displacing the Hazbani Basalt in the hanging wall against the Paleocene-Lower Eocene Taqiye Formation in the footwall. Near Tel Hay junction (star in Fig. 2) , the upper flow of the Hazbani Basalt covers the fault plane, showing no clear evidence of displacement (Fig. 3) . About 1000 m south-southeastwards, an intense fracture zone within the Hazbani Basalt (triangle in Fig. 2 ) is several meters wide and consists of highly-spaced N-S-striking fractures. Profiles GP-179 and GP-180 cross the Tel Hay fault near the Qiryat Shemona cemetery (Fig. 4a,b) . In both profiles, this fault is recognized as a prominent vertical discontinuity that juxtaposes the Hazbani Basalt against the Taqiye Formation. Curved reflectors toward the fault plane attest to a strike-slip component of motion along this fault, in addition to the observed dip-slip component. Fault strands that branch from the Tel Hay fault at ~150 msec TWT form a faint positive flower structure. East of the Tel Hay fault along GP-179, between ~300 and 600 m at 0 msec TWT, a positive flower structure deforms the Hazbani Basalt into a near surface anticline (Fig. 4a) . At depth, blocks of Cretaceous to Neogene rocks are faulted and tilted apparently southwestward.
Shehumit Hill
Shehumit Hill is a N-S-trending ridge about 2,200 m long and 230 to 400 m wide, uplifted ~85 m above the surrounding plains of the Hula basin. The hill consists of several flows of the Hazbani Basalt dated to 1-1.5 Ma (RY-25, RY-26 in Table 1 ; Heimann, 1990; Mor, 1993) . The N-S-striking Tel Hay and Shehumit faults run at the foot of the ridge to the west and east, respectively. Along the eastern flank of the ridge, the basalt is tilted 20-40 o eastward to southeastward, based on the consistent 50-70 o westward dips of once-vertical columnar joints. On the top of the ridge, the basalt is sub-horizontal, i.e., columnar joints are sub-vertical, whereas on the western flank it is covered by large basalt boulders and urban development.
West and east of Shehumit Hill
A thin (<5 m) alluvial cover directly overlies the Hazbani Basalt at the northern part of the town of Qiryat Shemona, as revealed in shallow boreholes near Ein Zahav (Michelson, 2001) . In this area, a single basalt remnant was observed by Inbar (1980) (Fig. 2) . The basalt is tilted 20 o eastward, as are the nearby beds of the Kefar Giladi conglomerates (Sneh and Weinberger, 2003a) . The basalt remnant was dated to 0.8±0.2 Ma (RY-24, Table 1 ). In the subsurface east of Shehumit Hill, the basalt is tilted south-southeastward and displaced by several minor faults having throws less than 30 m (profiles GP-184, GP-185, and GP-187-not shown here).
South of Shehumit Hill
Profile GP-170 crosses the southern front of Shehumit Hill (Figs. 2, 5 ). Due to urban development, the western edge of the profile does not cross the Qiryat Shemona fault but reaches ~100 m away from it. One prominent reflector is correlated with the top of the upper flow of Hazbani Basalt at the Hula 1 borehole at depth of 180 m. A second prominent reflector is correlated with the lower flow of Hazbani Basalt, either its top at 285 m or bottom at 315 m. Contractional deformation in the form of a faulted anticline is prominent between 0 and 300 m at ~100 msec TWT (Fig. 5) . A positive flower structure is interpreted immediately south of Shehumit Hill between 600 and 1,000 m (at ~100 msec TWT), forming the Shehumit anticline. In between these two structures and beneath the town of Qiryat Shemona, the Hazbani Basalt is deformed into a syncline (hereafter, the Qiryat Shemona syncline). The lacustrine sediments overlying the basalt within the Hula basin pinch out westward toward Shehumit Hill. They attest to a syn-sedimentary subsidence of the Hula basin concurrently with the tectonic uplift due to the contractional deformation associated with the development of the Shehumit structure. Based on the ~1 Ma average age of the Hazbani Basalt and the observation that Shehumit Hill is elevated above the Hazbani Basalt surface to the east by more than 100 m, a minimum tectonic uplift/subsidence of ~0.1 mm/yr is calculated.
An in-situ remnant of the Hazbani Basalt and numerous detached basalt boulders were encountered west of the HWBF at Ein Awwazim site, 85 m above m.s.l. (EA, Fig. 1 Fig. 1) , indicating an average subsidence rate of ~0.3 mm/yr.
The HWBF is identified in two seismic profiles (GP-219 and GP-181) as a sub-vertical, basinward dipping fault plane (see profile GP-181, Fig. 6a ). To its west, the footwall consists of tilted, eastward dipping Cretaceous beds with a possible remnant of Hazbani Basalt as indicated in Profile GP-181. The hanging wall consists of Pleistocene lacustrine and clastic sediments interbedded with several basalt units. Farther eastward, a discontinuity is identified at a distance of ~750 m at 275 msec TWT (Fig. 6a) and is interpreted as the continuation of the Hula diagonal fault described by Schattner and Weinberger (2008) . Between ~1,000 and 1,500 m farther to the east (at ~275 msec TWT), two additional faults cut the entire profile and almost reach the surface (Fig. 6a) . These faults are also identified on line GP-189 between 250 and 400 m at ~180 msec TWT (Fig. 6b) . Curved reflectors and mismatched reflector packages across these faults attest to a component of strike-slip motion. Together with their branches, these faults form a positive flower structure that is traceable northward toward the Shehumit structure.
An east-west cross section through the Qiryat Shemona fault and the Shehumit structure was drawn, based on the deformation of the Hazbani Basalt in outcrops and seismic profiles (Fig. 7) .
HAZBANI BASALT TOP SURFACE
A contour map of the top surface of the Hazbani Basalt was produced by combining outcrop topographic elevations with subsurface depths (Fig. 8 ). An interval velocity of 1820 m/s for the section above the basalts was used for transferring picked seismic horizons into depth values. The transformation was constrained by both the Hula 1 and Qiryat Shemona 1 boreholes and the GP-170 profile. The resulting map shows a general south to south-east tilt of the top of the Hazbani Basalt, descending from 230 m above m.s.l. through 95 m above m.s.l. (exposed-unexposed transition) to 260 m below m.s.l. across ~8 km. Several faults displace the basalts, showing typical strike-slip characteristics (e.g., curved reflectors toward the fault plane). The basalts are folded into two prominent structures in the northwestern rim of the Hula basin: a south-plunging Shehumit anticline and a south-plunging Qiryat Shemona syncline underneath the town (Fig. 9) .
The two N-S-striking faults, Tel Hay and Shehumit, are identified at the surface, bounding the Shehumit anticline from west and east, respectively. Based on the subsurface data, these faults are interpreted as strands of a positive flower structure that extends beneath the Shehumit structure and are associated with its formation. In the southern portion of the Tel Hay fault, the Hazbani Basalt in the western side is displaced downward by ~50 m. This throw decreases northward up to the point where the eastern side is down-thrown near the Qiryat Shemona cemetery.
DISCUSSION
The combined geological and geophysical observations presented here attest to the dominance of contractional structures and fault splay geometries along the northwestern part of the Hula basin. The Qiryat Shemona, Tel Hay, and Shehumit faults are all as- . Multi-channel seismic reflection profiles of (a) GP-181, and (b) GP-189 at the southern part of the study area. The contractional structure of Shehumit evolves at the northwest Hula basin between two prominent faults. See Fig. 2 for location. Fig. 7 . E-W geological cross section (A-A′ on Fig. 2 ) through the town of Qiryat Shemona, based on field mapping (Sneh and Weinberger, 2003a ) and this study. sociated with strike-slip faulting and positive flower structures. Based on the age of the deformed basalts (0.8-1.6 Ma), we conclude that these structures have developed during the Pleistocene due to convergent strike-slip faulting along this sector of the DSF.
Three lines of evidence indicate that the post-Hazbani Basalt contraction represents a marked transition in the deformation style along the DSF.
(1) More than 400 m of conglomerate and lacustrine sediments of the Kefar Giladi Formation accumulated in a depression adjacent to the HWBF-Qiryat Shemona faults during the Upper Miocene-Lower Pliocene. Given an average slip rate of 5 mm/yr along the DSF for the past 5 Ma, this depression might be located 25 km south of the current location of the Kefar Giladi outcrops. The entire Kefar Giladi section (Zaslavsky, 2010) . Note the discontinuity of the frequencies along the Shehumit fault and its southward extension into Hula Valley. Fig. 9 . Schematic representation of the Shehumit structure and related faults viewed from north to south. Modeled by Woodcock and Rickards (2003) for the Dent Fault System, NW England, and modified to fit the studied Shehumit structure.
was later uplifted and folded (Picard, 1952; Glikson, 1966; Ron et al., 1997; Weinberger and Sneh, 2004; Weinberger et al., 2009) , indicating a phase of tectonic inversion due to convergent strike-slip faulting after the Lower Pliocene. Furthermore, the similar degree of tilting of the Kefar Giladi conglomerates and the younger Hazbani Basalt in the town of Qiryat Shemona (see section "Distribution and Deformation of Hazbani Basalt") indicates that this tectonic inversion took place during the Pleistocene and near the present location of the outcrops.
(2) The observed, post Hazbani Basalt contractional deformation in the northwestern rim of the basin, temporally coincides with the diagonal faulting in the Hula basin (Schattner and Weinberger 2008) , and may splay from it (Fig. 8) . This contractional deformation cannot be regarded as a product of north-south relative plate motion along this sector of the DSF zone, because it contains N-S-trending faults (e.g., Tel Hay, Shehumit faults) that show restraining geometry, i.e., no bend/jump to the right. Furthermore, the contractional deformation extends and intensifies beyond the rim of the Hula basin northwards into the Metulla Saddle, where the NW-trending Margaliyyot and NNW-trending Qiryat Shemona faults bound the deformed blocks (Weinberger et al., 2009 ). These observations attest to the possibility that the contractional deformation is a product of increased north-northwestward obliquity of plate motion relative to the north to north-northwestward trend of the studied Qiryat Shemona, Tel Hay, and Shehumit faults.
(3) The Pleistocene Hazbani Basalt is folded only along north-south trending axes. These axes differ from the NE-SW trending fold axes observed in Cretaceous and Neogene rocks (Weinberger et al., 2009) . The latter fold axes are compatible with classic enechelon folds that form adjacent to major transcurrent faults. In contrast, the north-south-trending folds are parallel to the trends of the strike-slip faults and compatible with kinematic models of strain partitioning for convergent strike-slip faulting along this segment of the DSF (Gomez et al., 2007; Weinberger et al., 2009 ). In this model, simple shear strike-slip motion occurs along discrete north-south fault zones accompanied by roughly normal shortening in the intervening blocks. The present observations show that the discrete strike-slip faults are associated with positive flower structures, further exemplifying the complexity of strain partitioning in transform setting.
Field evidence presented by Schulman (1966) indicates conclusively that the Hazbani Basalt is extrusive in nature, hence the hypothesis of N-S-trending fissures/dikes along the western border fault of the Hula basin can no longer be supported. In light of the new imaging of the Shehumit structure in the subsurface (Fig. 5) and additional dip measurements of the Hazbani Basalt in outcrops, it is more appropriate to refer to the Shehumit structure as a fold rather than a tilted block (Schulman, 1966) . Based on Heimann and Ron (1987) , the western flank of Shehumit Hill is not faulted, while its eastern flank is bounded by the Shehumit fault. They attributed the formation of the Shehumit structure to push-up due to left-lateral motion along the right-bending Shehumit fault. This study shows two faults rather than one running along the foot of the hill (Tel Hay and Shehumit faults; Fig. 2) . Based on the seismic data, these faults continue southward into the Hula basin and are interpreted as strands of a positive flower structure that extends beneath the Shehumit structure and several kilometers to the south. We do not reject the possibility that a NE-trending fault is located at the southern foot of the Shehumit Hill. Such a fault could be part of the splays within the flower structure (Fig. 9) . Alternatively, the ~12° southward apparent dip of the Hazbani Basalt alone can form the elevation difference between the top Hazbani Basalt in profile GP-170 and at Shehumit Hill. Farther to the north, the exceptional N-S-striking fracture zone in the basalt (see location on Fig. 2 ) might be a faultrelated damage/process zone above the main fault of Shehumit structure.
Hazbani Basalt ages obtained in Shehumit Hill are between 1.0 and 1.5 Ma (Table 1; Heimann, 1990) . This age range might be partly attributed to the relatively high (0.1-0.3 Ma) standard deviations of Pleistocene basalts dated by the K-Ar method. Another complication arises due to sampling of different Hazbani flows at varied structural positions within the anticline. It is likely that the older RY-26 sampled the core of the Shehumit anticline, while the younger RY-25 sampled the flank (Table 1; Fig. 2) . A more detailed tectonovolcanic study and accurate Ar-Ar dating are needed in order to elucidate possible stages of folding during the Hazbani Basalt volcanism and refine the initial timing of contraction along this sector of the DSF.
The south-plunging syncline revealed here underneath the town of Qiryat Shemona has an important implication for the seismic hazard assessment. The stiff basalt flows are covered by soft unconsolidated sediments of varied thickness. From a veneer of a few meters beneath the northern part of the town these sediments thicken to ~80 m at its southern edge, fac-ing the Hula basin (Fig. 8) . Such settings are known to locally amplify the seismic energy, and to vary the fundamental resonance frequencies (Borcherdt, 1970; Nakamura, 1989; Aki, 1993) . A site effect survey in the Qiryat Shemona area revealed weak motion amplification factors of up to 8. Fundamental resonance frequencies decrease from 8 Hz in the northern part of town to 1 Hz in its southern parts (Zaslavsky, 2002 (Zaslavsky, , 2010 . For a simple one-dimensional model of a soft layer (Hula sediment) of thickness H over a stiff halfspace (Hazbani Basalt) and a known shear-wave velocity V s (440 m/s, Frieslander and Medvedev, 2002) , the fundamental frequencies f 0 are inversely proportional to the thickness of the soft layer overlying the basalt (f 0 = V s /4H), indicating a plunging syncline underneath Qiryat Shemona. The accurate shape of the syncline and its possible three-dimensional effect (e.g., Olsen, 2000) on the maximum relative amplifications warrant further investigation, since a considerable part of the town is built on the syncline.
CONCLUSIONS
The Pleistocene Hazbani Basalt provides evidence
for the spatial and temporal changes in the style of deformation next to the main strands of the DSF. 2. Field observations and high resolution seismic reflection profiles attest to the dominance of both contractional structures and strike-slip faulting along the DSF in northern Israel. The contractional structures emerge at the northwestern rim of the Hula basin and should not be regarded as products of local restraining geometry along strands of the DSF, since they extend and intensify beyond the rim of the basin northwards. 3. The structural analysis provides evidence for a transition from an early (pre-Pleistocene) phase of pure (or weak divergent) strike-slip to a late (Pleistocene) phase of convergent strike-slip faulting. This transition may be attributed to a change in the relative motion between the Arabian plate and Sinai sub-plate during the Pleistocene, which yields a westward velocity component oriented normal to the strands of the DSF. 4. Many of the encountered faults displace the Pleistocene and the overlying sediments and, hence, should be considered as potential active faults. The resolution of the seismic data does not confirm the possibility that these faults rupture Holocene sediments. These faults should be considered as potentially active when the Israeli building code is applied for urban development of Qiryat Shemona. Trenching and paleoseismological surveys along the identified faults can contribute to the assessment of seismic risk in northern Israel and southern Lebanon.
